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(57) ABSTRACT

A blower having high efliciency and low noise by actively
controlling airtlow 1n the blower, and an air conditioner
having the blower i1s provided. The air conditioner has a
blower. The blower includes a fan having a hub and at least
one blade provided on an outer circumierential surface of
the hub, a motor to rotatably drive the hub, a shroud
configured to surround the periphery of the fan and at least
one actuator installed in the shroud and configured to form

an airflow along an inner circumierential surface of the
shroud.
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FIG. 2A
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FIG. 3
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FIG. 4A
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RELATED ART

AIRFLOW FORMED AROUND THE BLADE
BY APPLYING THE PLASMA ACTUATOR
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FIG. 7A

3 3 3 3
AL AL A AL 33
31 2 31 32 31 32 31 32




Sheet 12 of 15 US 10,830,254 B2

U.S. Patent Nov. 10, 2020

- P T T VT TR TV S S
m":'“‘rﬁ'“v'“qhqﬁuﬁunuﬁv* T e R T R
r

W%ﬁ
ﬂ,.zr“"
1',.,'-""
M SRy : #

;
3 .
§ N j : ;
S - ' 32 31 32
L Mk Sl }
N nam n, AR e a = ke " o - - . "

'ﬂw'Fw'F
E\‘” i, Uty g IO
]



U.S. Patent Nov. 10, 2020 Sheet 13 of 15 US 10,830,254 B2




U.S. Patent Nov. 10, 2020 Sheet 14 of 15 US 10,830,254 B2

2

f\_/
U S
22
2909.9.9.9.9.9:9.9.9.9.9.9.9.9.9.
3 {32* ] 7%6%%6%%%%%% %% %% % %% >2
31 IO TIE Vi

21



U.S. Patent Nov. 10, 2020 Sheet 15 of 15 US 10,830,254 B2

CLEARANGE

A
o ]
1 el mpmp Egy o mpoy ey oEogk gl mpey gugw mpoy el Sl R Dl




US 10,830,254 B2

1

BLOWER AND AIR CONDITIONING
APPARATUS HAVING THE SAMEL

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application 1s based on and claims priority under
35 U.S.C. § 119 to Korean Patent Application No. 10-2018-

0037531, filed on Mar. 30, 2018, 1n the Korean Intellectual
Property Oflice, and Japanese Patent Application No. 2017-
0960391 filed on May 12, 2017 1n the Japanese Intellectual

Property Oflice the disclosures of which are incorporated by
reference herein 1n their entirety.

BACKGROUND

1. Fields

The present disclosure relate to a blower having a pro-
peller fan installed 1n an air conditioner.

2. Description of the Related Art

In recent years, an air conditioner has been required to
have high efliciency and low noise. In addition, as a semi-
permanent problem 1n a propeller fan, there 1s reduction of
vortex at an end of a blade caused by a speed difference
between the blade and a shroud that 1s a stationary object.

In order to solve these problems, studies have been
conducted to optimize the shape of the blade or the shape of
the shroud surrounding the periphery of the propeller fan by
a conventional passive method.

However, there 1s a limit to realize high efliciency and low
noise of the blower by the passive method.

On the other hand, there 1s a blower including a plasma
actuator disclosed 1n Japanese Patent Publication No. 2014-
103094 1n order to actively solve the above problem by
controlling the tlow of air 1n the blower.

That 1s, the blower disclosed in Japanese Patent Publica-
tion No. 2014-103094 1ncludes a turbine formed of a metal
matenal, a cylindrical shroud surrounding the turbine, and a
plasma actuator provided on an outer circumierential end of
the turbine blade and an 1nner circumierential surface of the
shroud.

The plasma actuator includes a power source for applying
a high-voltage, high-frequency alternating-current voltage
between an insulated coating wire of a coil shape nstalled
along the circumierential direction on the inner surface of
the shroud and an outer peripheral end of the blade. When
plasma 1s generated in the gap between the outer peripheral
end of the blade and the 1nsulated coating wire by the plasma
actuator, an induced airflow that flows toward the radial
direction of the propeller fan 1s generated by the plasma. The
induced flow flowing in the radial direction suppresses
leakage flow at the outer peripheral end of the blade.

However, in the plasma actuator disclosed in Japanese
Patent Publication No. 2014-103094, the material of the
propeller fan must be metal.

Further, 1n order to generate plasma by the plasma actua-
tor, the clearance between the outer circumierential end of
the propeller fan and the inner circumierential surface of the
shroud must be set very small. Therefore, an assembly error
between the propeller fan and the shroud must be strictly
controlled and the manufacturing cost 1s greatly increased.

Therefore, the technique described in Japanese Patent
Publication No. 2014-103094 has a limitation 1n applying to
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general air conditioners in which the manufacturing cost 1s
strictly limited and the material of the propeller fan 1s limited

to a resin material.

Further, since the induced airflow generated in the plasma
actuator flows 1n the radial direction, the induced airflow
flows to a portion of the outer peripheral end of the blade.
As a result, unintended disturbance or vortex occurs. The
airflow tlowing through the blade surface does not suil-
ciently flow at the outer peripheral end having the fastest
velocity, so that even 11 the leakage flow can be suppressed,
the blade cannot be utilized as efliciently as possible.

SUMMARY

Therefore, 1t 1s an aspect of the present disclosure to
provide a blower having high efliciency and low noise by
actively controlling airflow 1n the blower, and an air condi-
tioner having the blower.

It 1s another aspect of the present disclosure to provide a
blower 1n which a plasma actuator 1s 1nstalled at a low cost
and an air conditioner having the blower.

In accordance with an aspect of the present disclosure, an
air conditioner has a blower, the blower comprises a fan
having a hub and at least one blade provided on an outer
circumierential surface of the hub; a motor to rotatably drive
the hub; a shroud configured to surround the periphery of the
fan; and at least one actuator installed in the shroud and
configured to form an airflow along an inner circumierential
surface of the shroud.

The actuator may include a palr of electrodes; and a
dielectric disposed between the pair of electrodes.

The pair of electrodes may include a first electrode
provided on an inner circumierential surface of the shroud
and a second electrode embedded 1n the 1nside of the shroud.

The first electrode and the second electrode may be
alternately arranged along the circumiferential direction of
the shroud.

The first electrode may protrude from the mner circum-
terential surface of the shroud.

The second electrode may be disposed outside the first
clectrode along the radial direction of the shroud.

A plurality of the actuators may be spaced apart from each
other along a circumierential direction of the shroud.

The air conditioner may turther comprise a plurality of
power sources to apply a voltage to each of the plurality of
actuators; and a control unit to control the plurality of power
sources. The control unit may be configured to indepen-
dently control the plurality of power sources.

The control unit may be configured to apply a voltage to
a power source nearest to an outer peripheral end of the fan
when the fan rotates.

The first electrode and the second electrode may be
disposed so as to overlap each other at least 1n a section
along the circumferential direction of the shroud.

The first electrode may extend obliquely with respect to a
direction of a rotation axis of the hub.

The first electrode may extend in parallel with an outer
peripheral end of the blade.

The first electrode may be disposed obliquely with respect
to the mner circumierential surface of the shroud.

The shroud may include a receiving groove to receive at
least a portion of the first electrode.

The pair of electrodes and the dielectric may be aligned 1n
the axial direction of the hub.

The shroud may include a bell mouth formed 1n a cylin-
drical shape; a flow reducing portion provided on an
upstream side of the bell mouth to reduce a tlow path area;
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and a diffuser provided on a downstream side of the bell
mouth to enlarge a flow path area.

The actuator may be provided on an inner peripheral
surface of the bell mouth.

The actuator may be a plasma actuator configured to
generate plasma by a dielectric barrier discharge (DBD).

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects of the disclosure will become
apparent and more readily appreciated from the following
description of the embodiments, taken in conjunction with
the accompanying drawings of which:

FIG. 1 1s a perspective view and a functional block
diagram 1llustrating a blower according to a first embodi-
ment of the present disclosure.

FIGS. 2a and 2b are views illustrating a configuration of
a plasma actuator provided in the blower according to the
first embodiment.

FIG. 3 1s a perspective view illustrating an operation of
the blower according to the first embodiment.

FIGS. 4a and 456 are views illustrating a tlow of the
induced flow (IF) by a plasma actuator 1n the conventional
art.

FIGS. 5a and 56 are views 1illustrating a tlow of the
induced flow (IF) by the plasma actuator provided in the
blower according to the first embodiment.

FIGS. 6a and 65 are views illustrating a first modified
embodiment of the plasma actuator provided in the blower
according to the first embodiment.

FIGS. 7a and 7b are views illustrating a second modified
embodiment of the plasma actuator provided in the blower
according to the first embodiment.

FIGS. 8a and 8B are views illustrating a blower according,
to a second embodiment of the present disclosure.

FIG. 9 1s a view 1illustrating a blower according to a third
embodiment of the present disclosure.

DETAILED DESCRIPTION

The embodiments described herein and the configurations
shown 1n the drawings are only examples of preferred
embodiments of the present disclosure, and various modi-
fications may be made at the time of filing of the present
application to replace the embodiments and drawings of the
present specification.

In addition, the same reference numerals or symbols
shown 1n the drawings of the present specification indicate
components or components that perform substantially the
same function.

Throughout the specification, the terms used are merely
used to describe particular embodiments, and are not
intended to limit the present disclosure.

As used herein, the singular forms ““a,” “an” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise.

Also, 1t 1s to be understood that the terms such as
“include,” “have,” or the like, are intended to indicate the
existence of the features, numbers, operations, components,
parts, or combinations thereof disclosed 1in the specification,
and are not mtended to preclude the possibility that one or
more other features, numbers, operations, components,
parts, or combinations thereof may exist or may be added.

It 1s also to be understood that terms including ordinals
such as “first,” “second” and the like used herein may be
used to describe various elements, but the elements are not

limited to the terms, it 1s used only for the purpose of
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4

distinguishing one component from another. For example,
the first component may be referred to as a second compo-
nent, and similarly, the second component may also be
referred to as a first component.

The term “and/or” includes any combination of a plurality
of related listed 1tems or any of the plurality of related listed
items.

A blower 100 according to a first embodiment of the
present disclosure will be described with reference to FIGS.
1 to 5. The blower 100 of the first embodiment may be
provided 1n, for example, an outdoor unit of an air condi-
tioner. Meanwhile, the blower 100 according to the first
embodiment of the present disclosure may be provided not
only 1n the outdoor unit but also in an 1ndoor unit of the air
conditioner.

As shown 1n the FIG. 1, the blower 100 according to the
first embodiment 1s an axial flow fan, and includes a
propeller fan 1 made of a resin material having one or a
plurality of blades 12, a cylindrical-shaped shroud 2 dis-
posed around the propeller fan 1, and a plasma actuator 3
installed 1n the shroud 2 and configured to generate an
induced tflow (IF) along an mnner circumierential surface of
the shroud 2.

The blower 100 according to the {first embodiment
includes a motor 4 for rotating the propeller fan 1, a power
source 5 for applying a voltage to the plasma actuator 3, and
a control umit 6 which 1s constituted by software and controls
the power supply 5.

The propeller fan 1 includes a cylindrical hub 11 formed
of a resin material and rotated by the motor 4 and provided
at a central portion of the propeller fan 1, and three blades
12 provided on the outer peripheral surface of the hub 11 at
regular intervals. The blade 12 has a shape curved 1n a
helical shape along the direction of the rotation axis of the
hub 11.

In the blower 100 according to the first embodiment,
when the propeller fan 1 i1s rotated by the motor 4, airflow
1s formed along the axial direction (mainstream direction) of
the propeller fan 1 from the lower side to the upper side 1n
FIG. 1.

The shroud 2 1s provided with a bell mouth 22 formed 1n
a cylindrical shape and a flow reduction portion provided on
the upstream side of the bell mouth 22 to reduce an area of
a tlow path through which airflow introduced by the pro-
peller fan 1 flows and a diffuser 23 provided on the down-
stream side of the bell mouth 22 to enlarge the area of the
flow path.

The bell mouth 22 1s disposed such that its inner periph-
eral surface faces the outer peripheral end 13 of the blade 12
of the propeller fan 1.

A clearance 1s formed between the mner peripheral sur-
tace of the bell mouth 22 and the outer peripheral end 13 of
the blade 12. The clearance may have a width of 1 mm or
more and 100 mm or less along the radial direction of the
bell mouth 22.

This clearance can be determined from the positional
accuracy or assembly accuracy of the propeller fan 1 relative
to the shroud 2.

The plasma actuator 3 generates plasma by a dielectric
barrier discharge (DBD) to form an induced flow (IF) along
the 1nner circumierential surface of the bell mouth 22.

As shown 1n the FIGS. 2a and 25, the plasma actuator 3
includes a pair of electrodes 31 and 32 connected to a power
source 5 having a predetermined voltage and a predeter-
mined frequency and a dielectric 33 formed between the pair

of electrodes 31 and 32.
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In the blower 100 according to the first embodiment, a
plurality of plasma actuators 3 are aligned in the circumfier-
ential direction of the bell mouth 22, and each electrode
included in each plasma actuator 3 1s aligned in parallel with
the 1inner circumierential surtface of the bell mouth 22.

When the propeller fan 1 1s projected on the inner
circumierential surface of the shroud 2 in the radial direction
of the shroud 2, the respective electrodes of the plasma
actuator 3 are arranged so as to be located in the passage
region ol each blade 12.

The plasma actuator 3 1s not provided on the inner
peripheral surface of the flow reduction portion 21 of the
shroud 2 1n the blower 100 according to the first embodi-
ment.

FIG. 2a 1s a plan view of a part of the inner circumier-
ential surface of the bell mouth 22 according to the direction
in which the electrodes are arranged, and FIG. 2b 1s a
sectional view thereof.

As shown 1n the FIGS. 2¢ and 2b, each of the plasma
actuators 3 includes a pair of electrodes 31 and 32. The pair
of electrodes 31 and 32 includes a first electrode 31 provided
on the mner peripheral surface of the bell mouth 22 and a
second electrode 32 embedded 1n the bell mouth 22. The
second electrode 32 1s disposed outside the first electrode 31
along the radial direction of the shroud 2.

The first electrode 31 1s exposed on the inner peripheral
surface of the bell mouth 22 and the second electrode 32 1s
embedded in the bell mouth 22. Therefore, 1n the following
description, the first electrode 31 will be referred to as an
exposed electrode, and the second electrode 32 will be
referred to as an embedded electrode.

As shown 1n FIGS. 1, 2aq and 25, the exposed electrode 31
1s 1inclined with respect to the mner peripheral surface of the
bell mouth 22 and extends obliquely with respect to the
direction of the rotation axis of the hub 11.

The inclined or curved shape of the exposed electrode 31
corresponds to a shape formed when the outer peripheral end
13 of the blade 12 is projected on the mnner peripheral
surface of the bell mouth 22 1n the radial direction of the bell
mouth 22.

A layer of dielectric 33 1s formed between the exposed
clectrode 31 and the embedded electrode 32.

The dielectric 33 1s disposed on the outside of the exposed
clectrode 31 along the radial direction of the bell mouth 22
and the embedded electrode 32 1s disposed on the outside of
the dielectric 33. That 1s, the exposed electrode 31, the
dielectric 33, and the embedded electrode 32 are arranged 1n
order along the radial direction of the bell mouth 22.

A central axis passing through the center of the exposed
clectrode 31 and a central axis passing through the center of
the embedded electrode 32 are arranged to be shifted from
cach other along the arrangement direction of the electrodes.

A circumiferential distance along the circumierential
direction of the bell mouth 22 between the exposed electrode
31 and the embedded electrode 32 constituting one plasma
actuator 3 1s smaller than the distance to the adjacent other
plasma actuator 3. The exposed electrode 31 and the embed-
ded electrode 32 are arranged so as to generate an induced
flow (IF) 1 one direction.

In addition to the arrangement structure of the plasma
actuator 3, any arrangement that can generate the induced
flow (IF) 1 one direction 1s applicable.

As shown 1n the FIGS. 2a and 25, the exposed electrode
31 and the embedded electrode 32 are arranged to overlap at
least 1n a section along the circumierential direction of the
bell mouth 22 so that the circumierential distance between
the exposed electrode 31 and the embedded electrode 32
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along the circumierential direction of the bell mouth 22 1s
zero, and the plasma actuators 3 adjacent to each other are
arranged at regular intervals. Here, plasma 1s formed on the
inner circumierential surface of the bell mouth 22 adjacent
to the exposed electrode 31.

In the blower 100 according to the first embodiment, the
exposed electrode 31 protrudes radially inward from the
inner circumierential surface of the bell mouth 22 and 1is
disposed within the clearance. The exposed electrode 31 1s
disposed so as to be spaced apart from the outer peripheral
end 13 of the blade 12 by a predetermined distance.

A side surface of the exposed electrode 31 and a side
surface of the embedded electrode 32 are arranged 1n par-
allel with the inner circumierential surface of the bell mouth
22 and the plurality of exposed electrodes 31 and the
embedded electrodes 32 are alternately arranged along the
circumierential direction of the bell mouth 22.

Each of the plurality of exposed electrodes 31 and the
embedded electrodes 32 are disposed apart from each other
along the circumierential direction of the bell mouth 22.

The power supply 3 has a plurality of independently
controllable power supply systems. It 1s preferable that the
plurality of power supply systems are configured to have the
same number as the number of the plasma actuators 3
divided by the number of the blades 12. However, the
number and type ol power supply systems that can be
independently controlled may be provided in various num-
bers and types.

The power source 5 1s configured to apply a predeter-
mined high-voltage, high-frequency AC voltage so as to
generate plasma between the exposed electrode 31 and the
embedded electrode 32. In the blower 100 according to the
first embodiment, for example, the power source 5 may be
coniigured to apply an AC voltage or a pulse voltage of 3 kV,
10 kH between the exposed electrode 31 and the embedded
clectrode 32.

The control unit 6 1s configured to control the ON/OFF of
the voltage of the plurality of plasma actuators 3 1n syn-
chronization with the rotation of the propeller fan 1.

For example, the control umt 6 acquires the current
rotation angle of the propeller fan 1 from the encoder or
armature current installed 1n the motor 4, and determines
which of the plurality of plasma actuators 3 1s to be driven
in accordance with the rotation angle of the propeller fan 1
and apply the voltage of the power source 5 to the corre-
sponding plasma actuator 3.

In the blower 100 according to the first embodiment, for
example, the control unit 6 may operate the plasma actuator
3 closest to the outer peripheral end 13 of the blade 12 of the
propeller fan 1.

Synchronization with the rotation of the propeller fan 1
means not only turning the voltage ON at a time when the
outer peripheral end 13 of the blade 12 passes through the
exposed electrode 31 but also turning the voltage ON at a
predetermined time before or after the time when the outer
peripheral end 13 of the blade 12 passes through the exposed
clectrode 31.

Hereinatter, the operation of the blower 100 will be
described.

In the blower 100 according to the first embodiment,
plasma 1s formed every time the outer peripheral end 13 of
the blade 12 of the propeller fan 1 passes the exposed
clectrode 31, an induced tlow (IF) 1s formed along the inner
peripheral surface of the bell mouth 22.

As shown 1n the FIG. 3, the induced flow (IF) 1s formed
along the inner circumierential surface of the bell mouth 22
in a direction perpendicular to the outer peripheral end 13 of
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the blade 12. That 1s, the induced flow (IF) 1s formed as a
flow having an axial component and a circumierential
component along the inner peripheral surface of the bell
mouth 22.

The suppression eflect of the leakage tlow by the mnduced
flow (IF) formed as described above will be described 1n

comparison with a conventional induced flow (IF) which 1s
formed 1n the radial direction.

As shown 1n FIGS. 4a and 45, conventionally, a high-
voltage, high-frequency AC voltage 1s applied between a
propeller fan 1 having a metal material and a coating wire
provided on the mner circumierential surface of the shroud
2 to form plasma, an induced flow (IF) flowing 1n the radial
direction of the shroud 2 1s formed. In this configuration,
plasma 1s not generated unless the clearance between the
outer peripheral end 13 of the propeller fan 1 and the 1nner
peripheral surface of the shroud 2 is set very small, and thus
the mduced flow (IF) flowing in the radial direction 1s not

formed.

And as shown i FIGS. 4a and 45, the induced flow (IF)
flowing in the radial direction also flows on the outer
peripheral end 13 of the blade 12, so that the leakage flow
1s suppressed. However, air cannot be pushed out at the outer
peripheral end of the blade 12 where the flow of air i1s the
fastest, which causes a decrease n the efliciency of the
blower.

As shown 1n FIGS. 54 and 55, 1n the blower 100 accord-
ing to the first embodiment, a pair of the exposed electrodes
31 and the embedded electrodes 32 are formed on the inner
peripheral surface of the bell mouth 22, the mnduced flow
(IF) flows 1n the clearance along the inner peripheral surface
of the bell mouth 22.

Theretore, as shown 1in FIGS. 5 and 55, since the flow of
air formed by the blades 12 and the induced flow (IF) are
opposite to each other 1n the clearance, 1t 1s possible to
obtain only the suppression eflect of the leakage tlow.

And whether or not plasma can be formed by the plasma
actuator 3 1s mndependent of the size of the clearance, and
therefore, a clearance larger than that of the conventional
structure shown 1n FIGS. 4a and 45 can be set. Therefore, it
1s not necessary to strictly regulate dimensions of elements
constituting the blower 100 or the assembly accuracy
between the elements, and therefore, the plasma actuator 3
can be installed at a low cost.

Further, by eflectively suppressing the leakage flow by the
induced tlow (IF) generated by the plasma actuator 3, the

clliciency of the blower 100 1s improved and the noise 1s
reduced.

Next, a first modified embodiment of the blower 100
according to the first embodiment will be described.

As shown 1 FIGS. 2a and 25, the blower 100 according,
to the first embodiment has a structure 1n which the exposed
clectrode 31 1s provided on the inner peripheral surface of
the bell mouth 22.

However, 1n the first modified embodiment of the blower
100, as shown 1in FIGS. 6a and 65, one surface of the
exposed electrode 31 1s provided so as to coincide with the
inner peripheral surface of the bell mouth 22. Specifically,
spaces between the plurality of exposed electrodes 31 are
filled with the dielectric 33 or another resin or the like to
form the 1mner peripheral surface of the bell mouth 22.

In the structure in which one surface of the exposed
clectrode 31 coincides with the inner peripheral surface of
the bell mouth 22, as compared with the structure in which
the exposed electrode 31 protrudes from the 1nner peripheral
surface of the bell mouth 22 1n a convex or concaved shape,
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disturbance of airtlow 1s less likely to occur, and therefore,
high efliciency and low noise can be realized.
Next, a second modified embodiment of the blower 100

according to the first embodiment will be described.
As shown 1in FIGS. 7a and 75, 1n the second modified

embodiment of the blower 100, one surface of the exposed
clectrode 31 and one surface of the embedded electrode 32
are formed to be inclined so as to intersect the inner
peripheral surface of the bell mouth 22.

And 1n the second modified embodiment of the blower
100, a portion of the exposed electrode 31 1s accommodated
in the mner peripheral surface of the bell mouth 22. That 1s,
the bell mouth 22 includes a receiving groove to receive a
portion of the radially outer side of the exposed electrode 31.

A portion of the radially mmer side of the exposed
clectrode 31 1s not accommodated in the receiving groove
but protrudes from the 1nner peripheral surface of the bell
mouth 22.

In the structure 1n which a portion of the exposed elec-
trode 31 1s accommodated 1n the inner peripheral surface of
the bell mouth 22 as described above, the plasma actuator 3
forms the induced flow (IF) along the inner peripheral
surface of the bell mouth 22, so that the leakage tlow of the
propeller fan 1 can be suppressed. In addition, by increasing
an exposed area of the exposed electrode 31, 1t 1s possible to
reduce resistance due to the air flow while maintaining
plasma generation.

Next, a blower 100 according to a second embodiment of
the present disclosure will be described with reference to
FIGS. 8a and 8B.

The blower 100 according to the first embodiment has a
structure 1n which the exposed electrode 31 and the embed-
ded electrode 32 of the plasma actuator 3 are arranged along
the circumfierential direction of the shroud 2, the induced
flow (IF) generated by the plasma actuator 3 flows 1n a
direction perpendicular to the peripheral end 13 of the blade
12.

On the other hand, in the blower 100 according to the
second embodiment, the exposed electrode 31, the embed-
ded electrode 32, and the dielectric 33 of the plasma actuator
3 are formed 1n a ring shape and aligned in only one set 1n
the direction of the rotational axis of the hub 11.

That 1s, 1n the blower 100 according to the second
embodiment, the plasma actuator 3 provided at the bell
mouth 22 forms a induced flow (IF) flowing in the axial
direction along the imnner peripheral surface of the bell mouth
22.

In the blower 100 according to the second embodiment,
the structure of the pair of electrodes constituting the plasma
actuator 3 can be simplified. In addition, 1t 1s possible to
form a cylindrical induced tlow (IF) flowing 1n a direction
crossing the outer peripheral end 13 of the blade 12. There-
fore, by interfering with the induced flow (IF) having a
counter tlow against the leakage tlow, the leakage flow can
be effectively suppressed.

On the other hand, although a set of plasma actuator 3 1s
provided 1n the blower 100 according to the second embodi-
ment shown 1n FIGS. 8a and 8B, a plurality of sets of plasma
actuators 3 may be provided.

Next, a blower 100 according to a third embodiment of
the present disclosure will be described with reference to
FIG. 9.

In the blower 100 of the third embodiment, the plasma
actuator 3 1s installed only in the propeller fan 1.

That 1s, a set of the exposed electrodes 31 and the
embedded electrodes 32 are formed along the outer periph-




US 10,830,254 B2

9

cral end of the blade 12 of the propeller fan 1, and the
induced flow (IF) 1s generated on the outer peripheral end of
the blade 12.

In the structure 1n which the plasma actuator 3 is installed
in the propeller fan 1, since the mnduced flow (IF) can be
formed directly on the outer peripheral end of the blade 12
where the leakage flow occurs, so that the suppression effect

of the leakage flow can be obtained even with the small
induced flow (IF).

Other embodiments will be described below.

In each embodiment, an air conditioner 1s exemplified as
an application example of the blower according to the
present disclosure, but 1t 1s also possible to apply the blower
according to the present disclosure to electronic products
having other blowing applications.

The plasma actuator 1s not limited to forming an imduced
flow (IF) by generating plasma by a pair of parallel elec-
trodes.

A pair of electrodes for forming plasma in the plasma
actuator may be installed only 1n one of the shroud and the
propeller fan to generate plasma regardless of the size of the
clearance.

In addition, the plasma actuator 1s not limited to forming
an induced tlow (IF) by dielectric barrier discharge, and it 1s
also possible to form an imnduced tlow (IF) by, for example,
atmospheric pressure glow discharge.

The positional relationship and the magnitude relation-
ship between the exposed electrode and the embedded
clectrode are not limited to the above-described structure as
long as the structure can generate plasma.

The plasma actuator may be installed not only on the inner
circumierential surface of the bell mouth but also on the
imner circumierential surface of the diffuser. Further, the
plasma actuator may be provided only on the mner periph-
cral surface of the diffuser.

The blower may be configured to perform an air cleaning,
function by using a sterilizing component or an air cleaning
component of plasma generated in the plasma actuator.

As long as it 1s not contrary to the purpose of the present
disclosure, 1t 1s possible to combine or modily the above-
described various embodiments.

According to the present disclosure, in the blower
installed 1n the air conditioner, the leakage flow 1s sup-
pressed by the plasma actuator, so that the high efliciency
and low noise can be achieved.

Further, since the plasma actuator can be 1nstalled in the
blower at a low cost, the productivity of the blower and the
air conditioner 1s 1mproved.

Although a few embodiments of the present invention
have been shown and described above, the invention i1s not
limited to the atorementioned specific exemplary embodi-
ments. Those skilled in the art may variously modity the
invention without departing from the gist of the mvention
claimed by the appended claims.

What 1s claimed 1s:

1. An air conditioner having a blower, the blower com-

prising;:

a Tan having a hub and at least one blade extending
radially from the hub, the at least one blade having an
outer peripheral end that 1s curved along a rotational
axis of the fan and positioned at an oblique angle to the
hub:;

a motor to connect to the hub and rotatably drive the hub;

a shroud configured to surround the outer peripheral end
of the at least one blade so that the fan rotates along an
inner circumierential surface of the shroud; and
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at least one actuator installed in the shroud 1n an area of
a tlow path between the outer peripheral end of the at
least one blade and the shroud, a shape of a portion of
the at least one actuator 1s formed to match a shape of
the outer peripheral end of the at least one blade,

wherein the at least one actuator 1s configured to form an

airflow along the mner circumierential surface of the
shroud to reduce the area of the flow path through
which an airtlow 1ntroduced by the at least one blade
flows.

2. The air conditioner according to claim 1, wherein the
at least one actuator includes:

a pair of electrodes; and

a dielectric disposed between the pair of electrodes.

3. The air conditioner according to claim 2, wherein the
pair of electrodes includes:

a first electrode provided on the iner circumierential

surface of the shroud; and

a second electrode embedded 1n the shroud,

wherein the dielectric 1s disposed between the first elec-

trode and the second electrode.

4. The air conditioner according to claim 3, wherein the
first electrode and the second electrode are alternately
arranged along a circumierential direction of the shroud.

5. The air conditioner according to claim 3, wherein the
first electrode protrudes from the inner circumierential sur-
face of the shroud.

6. The air conditioner according to claim 3, wherein the
second electrode 1s disposed outside the first electrode along
a radial direction of the shroud.

7. The air conditioner according to claim 3, wherein the
at least one actuator 1s among a plurality of the actuators
which are spaced apart from each other along a circumier-
ential direction of the shroud.

8. The air conditioner according to claim 7, further
comprising a plurality of power sources to apply a voltage
to each of the plurality of actuators and wherein a control
unit 1s configured to independently control the plurality of
power sources.

9. The air conditioner according to claim 8, wherein the
control umt 1s configured to apply a voltage to a power
source closest to the outer peripheral end of the at least one
blade of the fan among the plurality of power sources when
the fan rotates.

10. The air conditioner according to claim 3, wherein the
first electrode and the second electrode are disposed so as to
overlap each other at least 1n a section along the circumfier-
ential direction of the shroud.

11. The air conditioner according to claim 3, wherein the
first electrode extends obliquely with respect to a direction
of the rotational axis of the fan.

12. The air conditioner according to claim 3, wherein the
at least one blade 1s among a plurality of blades and the at
least one actuator 1s among a plurality of the actuators, and

the plurality of the actuators correspondingly include the

first electrode which extends in parallel with an outer
peripheral end of the plurality of blades, respectively.

13. The air conditioner according to claim 3, wherein the
first electrode 1s disposed obliquely with respect to the inner
circumierential surface of the shroud.

14. The air conditioner according to claim 13, wherein the
shroud includes a receiving groove to receive at least a
portion of the first electrode.

15. The air conditioner according to claim 2, wherein the
pair of electrodes and the dielectric are aligned 1n an axial
direction of the hub.
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16. The air conditioner according to claim 1, wherein the
shroud 1ncludes:

a bell mouth formed 1n a cylindrical shape;

a flow reducing portion provided on an upstream side of

the bell mouth to reduce a flow path area; and

a diffuser provided on a downstream side of the bell

mouth to enlarge a flow path area.

17. The air conditioner according to claim 16, wherein the
at least one actuator 1s provided on an inner peripheral
surtace of the bell mouth.

18. The air conditioner according to claim 1, wherein the
at least one actuator 1s a plasma actuator configured to
generate plasma by a dielectric barrier discharge (DBD).

19. The air conditioner according to claim 1, wherein the
fan 1s made of a non-metal material and the non-metal
material 1s a resin matenal.

20. A blower for an electronic appliance, the blower
comprising:

a fan having a hub and at least one blade extending

radially from the hub, the at least one blade having an
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outer peripheral end that 1s curved along a rotational
ax1s of the fan and positioned at an oblique angle to the
hub:;

a motor to connect to the hub and rotatably drive the hub;

a shroud configured to surround the outer peripheral end
of the at least one blade so that the fan rotates along an
inner circumfierential surface of the shroud; and

at least one plasma actuator installed 1n the shroud in an
area of a tlow path between the peripheral end of the at
least one blade and the shroud, a shape of a portion of

the at least one plasma actuator 1s formed to match a
shape of the outer peripheral end of the at least one

blade,

wherein the at least one plasma actuator 1s configured to
form an airtlow along the mner circumierential surface
of the shroud to reduce the area of the tlow path through
which an airtlow 1ntroduced by the at least one blade
tlows.
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